The new symplectic molecular dynamics ͑MD͒ integrators presented in the first paper of this series were applied to perform MD simulations of water. The physical properties of a system of flexible TIP3P water molecules computed by the new integrators, such as diffusion coefficients, orientation correlation times, and infrared ͑IR͒ spectra, are in good agreement with results obtained by the standard method. The comparison between the new integrators' and the standard method's integration time step sizes indicates that the resulting algorithm allows a 3.0 fs long integration time step as opposed to the standard leap-frog Verlet method, a sixfold simulation speed-up. The accuracy of the method was confirmed, in particular, by computing the IR spectrum of water in which no blueshifting of the stretching normal mode frequencies is observed as occurs with the standard method.
I. INTRODUCTION
Molecular dynamics ͑MD͒ simulations are among the main theoretical methods of investigating complex molecular systems, e.g., water. 1 In recent years, MD simulations have provided a substantial amount of data about water structural and dynamical properties. [2] [3] [4] [5] [6] [7] [8] [9] In the MD simulation, the classical equations of motion for an assembly of interacting particles are solved, usually numerically. However, computing time is a serious handicap in this regard. Several MD integration approaches were derived [10] [11] [12] [13] [14] [15] [16] to overcome this problem. The most used is the symplectic second-order leap-frog Verlet ͑LFV͒ method. 17 Using this method, a water system of flexible TIP3P water molecules 18, 19 can be accurately integrated by 0.5 fs integration time step. Water plays a unique role among liquids due to its ubiquity, importance for life, and also anomalous liquid properties. Therefore it represents one of the most interesting and challenging systems to study for the MD simulation. The MD simulations of liquid water have been hindered by the short time step allowed by integration methods 1, 20 owing to strong intramolecular and intermolecular interactions in the system, which generate atom motion on a very short time scale ͑femtosecond͒. New semianalytical symplectic MD integrators introduced in the first paper of this series, 21 however, allow the use of longer time steps owing to the analytical treatment of high-frequency molecular vibrations. Our newly developed MD integrators are different to other approaches, which also allow longer time steps, [12] [13] [14] [15] [16] in that we split the whole Hamiltonian of the system into two parts corresponding to the fast and slow molecular motions, respectively, and that the high-frequency molecular motions, i.e., vibrations, are resolved analytically by normal coordinates. This approach allows using a long MD integration time step and also accurate calculations of the physical properties of the system. In this paper we present a series of MD simulations of a water system of flexible TIP3P water molecules 18, 19 using new integrators 21 with a long integration time step to successfully reproduce liquid water's structual and dynamical properties at 300 K. Results show that the new integrators allow an integration time step up to six times longer than the standard leap-frog Verlet method and are especially efficient for calculating the vibrational IR spectra because of their analytical treatment of high-frequency molecular vibrations.
II. METHODS

A. Overview of integration methods
A series of MD simulations of planar water molecules using the new MD integrators described in the first paper of this series 21 were performed. The newly developed integrator SISM and its three derivates ͓multiple time stepping SISM ͑SISM-MTS͒, equilibrium SISM ͑SISM-EQ͒, equilibrium SISM-MTS ͑SISM-MTS-EQ͔͒ ͑Ref. 21͒ are explicit secondorder symplectic methods, which enables them to resolve the equations of motion, in part analytically, with a long integration time step. These methods, derived within the Lie group theory, 22 are especially suitable to compute the IR spectra of systems of flexible molecules with one equilibrium configuration and no internal rotation, e.g., water molecules. As reference methods the LFV and LFV-EQ ͑Ref. 21͒ were chosen because they are a time reversible symplectic second-order methods with only one variable parameter-the integration time step size.
B. Diffusion coefficient
The diffusion coefficient, which characterizes translational motion of water molecules, is defined as
where C͑t͒ is the oxygen velocity autocorrelation function,
and v i ͑t͒ the velocity of the oxygen atom in the ith molecule at time t. Angular brackets denote the average over all m oxygens and all M time origins. 23 The diffusion coefficient ͑1͒ is, in the long time limit, equal to the corresponding diffusion coefficients calculated either from the hydrogen velocity autocorrelation function or water molecule's center-ofmass velocity autocorrelation function. 2 The diffusion coefficient can be also calculated from the displacements of oxygen atoms using the Einstein relation
where r i ͑t͒ is the position of the oxygen atom in the ith water molecule at time t and averaging is performed over all oxygen atoms and all choices of time origin. Also, in the long time limit, the diffusion coefficient determined in this way is equal to the corresponding diffusion coefficients calculated either from the trajectory of the hydrogen atoms or the trajectory of the water molecules' centers of mass. 
C. Orientational correlation times
Rotational motion of the molecules is described by single molecule orientational autocorrelation functions 1, 24 of the corresponding intramolecular vectors
where P l is the lth degree Legendre polynomial and n ␣ is a unit vector pointing along the ␣ axis in the internal coordinate system of an individual molecule. 2, 25 In our study we have used three different ␣ axes: the ␣ = HH axis points along the vector connecting two hydrogen atoms in a water molecule; the ␣ = axis points along the dipole moment of a water molecule; and the ␣ = Ќ axis points along the direction perpendicular to the molecular plane.
Single molecule correlation times can be determined by writing the functions ͑4͒ in the form
where l ␣ is the corresponding correlation time 1, 25 In the present work, the correlation times l ␣ were determined from ln C l ␣ ͑t͒ in the time interval from 1.0 ps to 2.0 ps by the linear regression method.
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D. IR spectrum
The infrared ͑IR͒ absorption spectrum is obtained by Fourier transformation of the dipole moment autocorrelation function as 23 ,27,28
where I͑͒ is the spectral density, M͑t͒ is the total dipole moment of the system at time t, and is the vibration frequency. M͑t͒ is equal to the sum of all the individual dipole moments of the molecules in the simulation box 23, 27 
where i ͑t͒ is the dipole moment of the ith molecule at time t and m is the number of molecules in the simulation box. The autocorrelation function of the dipole moment is given by 29, 30 ͗M͑t͒
where n is the number of all the atoms in the system, e j is the fixed electric charge of the jth atom, and r j ͑t͒ is the position vector of the jth atom at time t. The angular brackets represent an average taken over all time origins. The IR spectrum can be also obtained using the electrical flux-flux autocorrelation function
͑9͒
which corresponds the autocorrelation function of the time derivative of the dipole moment. 29, 30 The spectral density is then calculated as [29] [30] [31] 
Since the calculated IR spectrum using Eq. ͑10͒ differs from the IR spectrum obtained by Eq. ͑6͒ only by its intensity, 29 we have used Eq. ͑10͒ in our work for calculating the IR spectrum.
III. COMPUTATIONAL DETAILS
As a representative from the class of the planar molecules, for which the SISM is most efficient, we have picked the water ͑H 2 O͒ molecule. The equilibrium configuration is depicted in Fig. 1 , in which atoms 1 and 3 denote hydrogen atoms and atom 2 denotes the oxygen atom in the H 2 O molecule.
A. Water model
We have chosen the flexible TIP3P model 18 as the model for the water molecule. The original TIP3P model is changed in such a way that it allows for the flexibility of bonds and angles and also each of the hydrogens was given a small van der Waals radius to prevent the "electrostatic catastrophe" at small distances between water molecules. 19, 32 The model Hamiltonian is 18, 19 
where i and j run over all atoms, m i is the mass of the ith atom, p i = m i v i is the linear momentum of the ith atom, b 0 and 0 are reference values for bond lengths and angles, respectively, k b and k are corresponding force constants, e i denotes the charge on the ith atom, ⑀ 0 is the dielectric constant in vacuum, r ij is the distance between the ith and jth atoms, and ij and ij are the corresponding constants of the Lennard-Jones potential. The van der Waals and Coulomb interactions between the atoms of the same molecule are not calculated explicitly because they are already taken into account by the bond stretching and angle bending terms in the Hamiltonian ͑11͒. The parameters of the model are given in Table I .
B. Vibrational potential energy and internal coordinate system
The vibrational potential energy is the sum of the vibrational potential energies of all of the molecules in the system
͑12͒
where V vib k is the vibrational potential energy of the kth molecule in the system and m is the number of molecules in the system. The potential function V harm , which is developed from Eq. ͑12͒ in the same way as in the previous paper, 33 is
where V stretch and V bend are quadratic potential functions in terms of relative Cartesian displacement coordinates, which represent the harmonic approximations for the bond stretching and angle bending potentials, respectively. 21 The expressions for V stretch and V bend are obtained by projecting the displacements of atoms along and perpendicular to the bonds between the atoms in each molecule. 34 V stretch is then
and V bend is
The vibrational frequencies corresponding to normal modes of vibration of the flexible TIP3P water model 18, 19 are obtained in the same way as in the previous paper 33 and are reported in Table II . We checked the accuracy of vibrational frequencies numerically obtained in this way with the corresponding analytically computed vibrational frequencies. 34 The moving internal coordinate system is for each molecule in the system defined with the same procedure as in the previous paper. 33 The elements of the matrix F −1/2 , which is required to determine the unit vectors of the internal coordinate system of a molecule in the SISM, 21 are explicitly written as
where
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C. Simulation protocol
All MD calculations are carried out for the system of 256 flexible TIP3P water molecules at the system density =1.0 g/cm 3 and T = 300 K. The corresponding simulation box size is a = 19.7 Å. Periodic boundary conditions are imposed to overcome the problem of surface effects; the minimum image convention is used. 1 The Coulomb interactions are truncated using the force-shifted potential 36 at a cut-off distance r of f = 8.5 Å. 37 The Lennard-Jones interactions are shifted by adding the term C ij r ij 6 + D ij to the potential, where C ij and D ij are chosen such that the potential and force are zero at r ij = r of f . 19 The initial positions and velocities of the atoms are chosen at random. The system is then equilibrated for 20 ps, where the velocities are scaled every 500 integration steps to correspond to a temperature of 300.0 K. Afterwards an additional 30 ps of equilibration is carried out at the constant total energy of the system so that the velocity corresponds to the Maxwell distribution at 300 K. Simulations are then performed for 100 ps using different integrators and/or integration time steps.
IV. RESULTS AND DISCUSSION
As in the previous paper 33 the error in total energy ⌬E / E defined as
where E 0 is the initial energy, E k is the total energy of the system at the integration step k, and M is the total number of integration steps, was monitored for all methods.
In Fig. 2͑a͒ , in which the error in total energy for the system of water molecules for the LFV, SISM, and SISM-MTS is displayed, it can be observed that the error in total energy for a 1.25 fs integration time step for the SISM corresponds to the same error as for the 0.5 fs integration time step for the LFV. The estimated value for the maximal acceptable integration time step for the LFV is 0.5 fs since the period of the antisymmetric bond stretching is equal to 9.9 fs ͑see Table II͒ . This means that for the same level of accuracy, the SISM allows the use of up to a two and a half times longer integration time step than the LFV. The jump in the error in total energy, which can be observed in Fig. 2͑a͒ for a 2.5 fs integration time step, can possibly be explained by nonlinear instabilities occurring when the integration step size is a fourth of the period of the fastest stretching vibrations in water molecules. 38 For the system of water molecules, a high amount of anharmonic forces occurs due to the strong anharmonic potential describing the interactions in the system. However, as in the case of the hydrogen peroxide simulation, 33 the SISM- 3 at T = 300 K using the LFV, SISM, and SISM-MTS for M = 1000. ͑b͒ Error in total energy of the system of 256 water molecules with = 1.0 g / cm 3 at T = 300 K using the LFV-EQ, SISM-EQ, and SISM-MTS-EQ for M = 1000.
MTS with ␦t = 0.5 fs for the integration of motions generated by high-frequency anharmonic interactions is less accurate than the SISM ͓Fig. 2͑a͔͒.
The error in total energy for the LFV-EQ, SISM-EQ, and SISM-MTS-EQ ͑Ref. 21͒ is depicted in Fig. 2͑b͒ . The total energy is defined in this case as
where d͑q͒ R 3n are the equilibrium positions of atoms in all molecules of the system, given by the standard theory of molecular vibrations. 21, [39] [40] [41] Since the vibrational potential V vib used in the LFV-EQ is the same as in the LFV, the estimated value of the maximal acceptable time step for the LFV-EQ is also 0.5 fs.
From the results presented in Fig. 2͑b͒ we can see that the error in total energy for the LFV-EQ with a 0.5 fs integration time step corresponds to the error for the SISM-EQ with a 2.0 fs integration time step and 3.0 fs for the SISM-MTS-EQ. The SISM-EQ therefore allows the use of a four times longer integration time step than the LFV-EQ for the same level of accuracy, whereas the SISM-MTS-EQ allows the use of even up to six times longer time steps than the LFV-EQ. The energy drift for integration time step's sizes longer than 3.0 fs is due to nonlinear instabilities, which occur when the integration step size is a third of the period of the fastest motion in the system as explained in Ref. 38 .
The analytical solution of the equations of motion does not exist and the difference between trajectories calculated with different sizes of integration time steps and/or different integrators grows exponentially with time.
1 Therefore the accuracy of trajectories calculated by the new methods can not be checked by direct comparison of the calculated trajectories to the corresponding trajectories computed by the standard methods. Statistical correctness of the trajectories computed by the new methods can only be checked by computing different structural and dynamical properties of the molecular system and comparing them with corresponding properties calculated by the standard methods.
A. Structural properties
Radial distribution functions
The structure of the system of water molecules was checked by calculating site-site radial distribution functions g OO ͑r͒ for oxygens, g OH ͑r͒ for oxygens and hydrogens in different water molecules, and g HH ͑r͒ for hydrogens in different water molecules. The g OO ͑r͒, g OH ͑r͒, and g HH ͑r͒ were computed by the LFV, SISM, SISM-MTS, and LFV-EQ, SISM-EQ, and SISM-MTS-EQ from 100 ps long trajectories of the system of 256 flexible TIP3P water molecules with =1.0 g/cm 3 at T = 300 K using different sizes of the integration time step. Radial distributions functions calculated by the LFV using a 0.5 fs integration time step has been taken as a reference for the corresponding functions calculated by the SISM and SISM-MTS, whereas the radial distribution functions calculated by the LFV-EQ using a 0.5 fs integration time step have been taken as a reference for the corresponding functions obtained by the SISM-EQ and SISM-MTS-EQ. The positions and heights of the first maximum of g OO ͑r͒, g OH ͑r͒, and g HH ͑r͒, which are in good agreement with the published calculated results in the literature, 25, 37 are given in Table III . The results reported in Table III show a good agreement between radial distribution functions calculated by the SISM and SISM-MTS using a 2.0 fs integration time step and the corresponding reference functions. The level of agreement with the experimental results depends mostly on the applied model of the water molecule and the "cut-off" function and not on the applied numerical integrator and/or the length of the integration time step. 42 Since the site-site radial distribution functions are mostly force field dependent, they can be used to check the effect of the calculation of the electrostatic and van der Waals potentials in the equilibrium positions of the atoms as in the LFV-EQ, SISM-EQ, and SISM-MTS-EQ. The positions and heights of the first maximum of g OO ͑r͒, g OH ͑r͒, and g HH ͑r͒ are given in Table IV for the LFV-EQ using a 0.5 fs integration time step and the SISM-EQ and SISM-MTS-EQ using a 3.0 fs integration time step. We can again report a good agreement of the radial distribution functions calculated by the SISM-EQ and SISM-MTS-EQ using a 3.0 fs integration time step with corresponding reference functions.
B. Dynamical properties
The motion of water molecules in bulk can be characterized by dynamical properties of an individual molecule such as the diffusion coefficient and the orientational time constants, which can be also determined by MD simulation. 24 
Diffusion coefficient
The calculated values of the diffusion coefficient by Eq. ͑1͒ using the LFV, SISM, and SISM-MTS are reported in Table V , and suggest that the description of translational motion of molecules is independent of the choice of the numerical method and/or the size of the integration time step. The diffusion coefficients calculated by different integrators and/or different sizes of the integration time step are in good agreement.
A similar conclusion holds for the obtained diffusion coefficients using the LFV-EQ, SISM-EQ, and SISM-MTS-EQ, which are reported in Table V are also approximately two times larger than the experimental value. This is in accordance with the values obtained from a similar MD simulation in Ref. 37 . The disagreement between calculated and experimental diffusion coefficients is due to the water model and not due to the applied numerical integrator. Good agreement between calculated diffusion coefficients obtained by different integrators is expected since all of them treat the molecules' translational degrees of freedom in the same way.
The calculated values of the diffusion coefficient obtained by virtue of Eq. ͑3͒ using different integrators and different sizes of the integration time step are reported in Tables V and VI. The obtained values are in good agreement with the values calculated by using Eq. ͑1͒. From the obtained results we can conclude that the translational motion of water molecules is correctly described by the SISM and its derivatives.
Orientational correlation times
The correlation times l ␣ determined by Eqs. ͑4͒ and ͑5͒ using the LFV, SISM, and SISM-MTS using different sizes of the integration time step are reported in Table VII. The results obtained by different integrators are in good agreement for all sizes of integration time steps. This proves that the rotational motion of water molecules is also correctly described by the SISM and SISM-MTS using a 2.0 fs integration time step. The values of the calculated orientational correlation times given in Table VII are lower than the experimental values, which is in accordance with the results from similar calculations reported in the literature. 2, 24, 25 Despite that the experimental data suggests the rotation of a single water molecule in a bulk system is isotropic, 25 ,43 the obtained correlation times l Ќ calculated by all numerical methods are shorter than l HH and l , which was also found by other authors. 25 Similar conclusions are also valid for the results obtained using the LFV-EQ, SISM-EQ, and SISM-MTS-EQ, which are reported in Table VIII . From the results in Table  VIII we can conclude that the rotation of a water molecule is correctly described by the SISM-EQ and SISM-MTS-EQ even with a 3.0 fs long integration time step.
Comparing the results in Tables VII and VIII we can observe that the values of l ␣ are lower when the equilibrium TABLE IV. Comparison of g OO ͑r͒, g OH ͑r͒, and g HH ͑r͒ calculated by the LFV-EQ, SISM-EQ, and SISM-MTS-EQ. We give the positions and heights of the first maximum of the calculated functions and the corresponding experimental values ͑Ref. 42͒.
LFV-EQ ͑0.5 fs͒ SISM-EQ ͑3.0 fs͒ SISM-MTS-EQ ͑3.0 fs͒ Expt. positions of atoms are used to calculate the electrostatic and van der Waals potential energies. Comparing the diffusion coefficient given in Tables V and VI and relaxation times 1 for the dipole moment reported in Tables VII and VIII we see that shorter 1 , when calculating the electrostatic and van der Waals potential energies with atoms' equilibrium positions, are associated with larger diffusion coefficients. This is because the overall motion in liquid water is governed by the coupled translational and rotational motions of water molecules within first hydration shell. 24 If we calculate the prod- Tables V-VIII , we obtain the value of 2.5Å for the average displacement independently from the manner of calculating the electrostatic and van der Waals potential energies. These values correspond to the average distance between two water molecules, 24 which are equal for both examples as can be seen from the results in Tables III and IV .
C. IR spectrum
The vibrational and rotational motions of molecules are those which involve energies that produce the spectra in the infrared region. Therefore, our newly developed MD integration methods are particulary suitable for computing the IR spectra because rotational, translational, and vibrational motions are resolved analytically, independent of the MD integration time step.
The IR spectra calculated by Eq. ͑10͒ of bulk water at T = 300 K using the LFV, SISM, and SISM-MTS with integration time steps of lengths from 0.5 fs to 2.0 fs are shown in Figs. 3 and 4 . Figure 3͑a͒ demonstrates that the IR spectra calculated by different numerical integrators using a 0.5 fs integration time step are in good agreement. These IR spectra were taken as a reference for comparison with calculated IR spectra using longer integration time steps. The magnitudes of the spectral peaks were scaled so that the intensities of the higher peak positioned above the frequency of 3300 cm −1 and the stretching peak at 3408 cm −1 in the experimental spectrum are equal. The double peak at 3300 cm −1 corresponds to the normal modes of vibration of a water molecule describing the antisymmetric and symmetric bond stretches ͑see Table II͒. The single peak at 1775 cm −1 corresponds to the angle bending normal mode of a water molecule ͑see Table II͒ . The IR band between 300 cm −1 and 900 cm −1 arises from to the librational motion of water molecules. 2 When using a 1.0 fs integration time step, the highfrequency double peak at 3300 cm −1 in the IR spectrum calculated by the LFV already shifts to the higher frequencies as shown in Fig. 3͑b͒ . The observed blueshift suggests that when using a 1.0 fs integration time step, the LFV can no longer accurately describe the high-frequency vibrational motions of atoms in a water molecule, which has been already predicted by estimating the integration time step size from the error in the total energy shown in Fig. 2͑a͒ . This phenomenom is even more evident in Fig. 4 for the cases of 3 . ͑Color͒ IR spectrum ͑arbitrary units͒ of bulk water at T = 300 K calculated by LFV, SISM, and SISM-MTS using an integration time step of ͑a͒ 0.5 fs and ͑b͒ 1.0 fs.
1.5 fs and 2.0 fs integration time steps where the peak at 1775 cm −1 also starts shifting toward higher frequencies. Peaks in corresponding IR spectra, which are calculated by the SISM and SISM-MTS, however, remain at the same positions as corresponding peaks in the reference IR spectra calculated using the integration time step of 0.5 fs. This proves that owing to the analytical description of highfrequency molecular vibrations, the later are accurately described by the SISM and SISM-MTS also using a 2.0 fs integration time step.
Comparing the results in Fig. 5͑a͒ , in which the calculated IR spectra of bulk water are shown calculated by the LFV-EQ, SISM-EQ, and SISM-MTS-EQ using a 2.5 fs integration time step, with those in Fig. 3͑a͒ we can see that the peaks corresponding to the bond stretching and angle bending have remained in the same positions in IR spectra computed by the SISM-EQ and SISM-MTS-EQ. This is because the electrostatic and van der Waals interactions are not calculated between the atoms belonging to the same water molecule. The intensity of the band corresponding to the librational motion of water molecules is, however, slightly decreased in comparison with the IR spectrum in Fig. 3͑a͒ . Again, a blueshift of the the double peak at 3300 cm −1 can be observed in IR spectrum computed by the LFV-EQ. Therefore we can conclude that the LFV-EQ is also not able to accurately describe the high-frequency molecular vibrations using integration time steps longer than 0.5 fs. On the contrary, the IR spectra computed by the SISM-EQ and SISM-MTS-EQ show that these methods accurately describe high-frequency molecular vibrations even when using up to a 3.0 fs integration time step as can be observed from Fig.  5͑b͒ .
The calculated IR spectra as well as diffusion coefficients and rotational correlation times prove that the SISM and SISM-MTS correctly describe the translational, rotational, and vibrational degrees of freedom of water molecules up to a 2.0 fs integration time step. The error in total energy, however, shows that the size of the maximal allowed FIG. 5 . ͑Color͒ IR spectrum ͑arbitrary units͒ of bulk water at T = 300 K calculated by LFV-EQ, SISM-EQ, and SISM-MTS-EQ using an integration time step of ͑a͒ 2.5 fs and ͑b͒ 3.0 fs .   FIG. 4 . ͑Color͒ IR spectrum ͑arbitrary units͒ of bulk water at T = 300 K calculated by LFV, SISM, and SISM-MTS using an integration time step of ͑a͒ 1.5 fs and ͑b͒ 2.0 fs.
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Molecular dynamics integration. III J. Chem. Phys. 122, 174103 ͑2005͒ integration time step is 1.25 fs for the SISM and SISM-MTS in comparison with 0.5 fs for the LFV. From the computed data one can also conclude that the SISM-EQ and SISM-MTS-EQ also correctly integrate the translational, rotational, and vibrational motion of water molecules even up to a 3.0 fs integration time step. However, the error in total energy shows that the size of the maximal acceptable integration time step is 2.0 fs for the SISM-EQ and 3.0 fs in the example of the SISM-MTS-EQ, which is a sixfold speed-up in comparison with LFV-EQ.
V. CONCLUSIONS
We have presented a number of MD simulation of liquid water using newly introduced symplectic MD integrators which combine MD integration with the standard theory of molecular vibrations. [39] [40] [41] The computed structural and dynamical properties of the studied systems are in good agreement with the corresponding properties computed by the LFV using an accordingly short integration time step. Due to the analytical treatment of high-frequency molecular vibrations, the new methods are especially efficient for computing IR spectra since no blueshifting of the bond stretching normal mode peaks occurs, as is the case when using the LFV integrator. We also point out the ability of using a 3.0 fs integration time step with the SISM-MTS-EQ integration method at the same accuracy as employing the standard LFV method with a 0.5 fs integration time step. This is a sixfold simulation speed-up compared to the standard method for the simulation of a bulk water system.
We believe that new integration methods could become a method of choice in spectroscopic calculations 31, [44] [45] [46] where the standard theory of molecular vibrations is applied to analyze the dynamics of the studied system from already computed MD trajectories. With our methods the information about the energy distribution of normal modes and the energy transfer between them is obtained without additional computations as opposed to the standard MD integration methods because the normal mode dynamics is computed along with the computation of the trajectory of a molecular system.
